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Specification 
1. Title of the Invention 

SURFACE ACOUSTIC WAVE DEVICE 
2 . Claim 

A surface acoustic wave device, characterized in that 
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a plurality of surface acoustic wave excitation electrodes 
having slightly different propagation directions are formed 
on an identical crystal substrate, and in that the plurality 
of surface acoustic wave excitation electrodes are connected 
in parallel. 

3. Detailed Description of the Invention 

The present invention relates to a surface acoustic wave 
device having surface acoustic wave excitation electrodes 
formed on a crystal substrate, and more particularly, to an 
improvement of the temperature characteristic thereof. 

The most important matter to be dealt with in configuring 
a filter, an oscillator, a delay line, or the like by using 
a surface acoustic wave device is to prevent its 
characteristics from varying according to the temperature. At 
least a flat temperature characteristic in the neighborhood 
of an ambient temperature can be realized by using an ST-cut 
crystal substrate, but a flat temperature characteristic 
cannot be obtained throughout a wide temperature range. 
Accordingly, to use the surface acoustic wave device in the 
wide temperature range, it is necessary to compensate the 
temperature characteristic. Satisfactory compensation has 
not heretofore been obtained because a proper substrate 
effective in compensation throughout a wide temperature range 
does not exist although the temperature characteristic is 
intended to be compensated by connecting thereto a circuit 



having a different temperature characteristic. Besides, in 
compensating the temperature characteristic by adding thereto 
a different external circuit such as a thermister, a varactor 
.diode, or the like, satisfactory stability cannot be obtained 
since the stability of the oscillator is affected by the added 
element. Furthermore, the method of compensating the 
temperature characteristic by disposing on the substrate a 
thin film medium having a different temperature coefficient, 
the method of performing temperature compensation by forming 
the substrate into a bimetal structure, and like method cannot 
be adopted because the stability of the substrate itself is 
sacrificed in such methods. 

The method can be considered in which a plurality of 
surface acoustic wave resonators that have a second 
temperature coefficient and are different from each other in 
peak temperature are combined together into plural pairs and 
are thereby oscillated at a fixed frequency throughout a wide 
temperature range. Since the peak temperatures of the surface 
acoustic wave resonators formed on a crystal substrate differ 
according to the difference between crystal cut planes or the 
like, it is easy to obtain a plurality of resonators having 
different characteristics. However, when a plurality of 
independent resonators are used, there is the disadvantage 
that the entire oscillator is increased in size which is not 
practical. Besides, for example, when two surface acoustic 
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wave oscillators having different propagation directions are 
formed on an identical ST-cut substrate, then to make their 
peak temperatures different from each other, it is necessary 
to greatly change the propagation directions of the surface 
acoustic wave of the two oscillators (a difference on the order 
-of 10 degrees is required for practical purposes) . Therefore, 
there occurs a great difference in resonant frequency, Q, and 
the like between the oscillators, so that the oscillators 
cannot be put into practice. 

An object of the invention is to provide a surface 
acoustic wave device that can solve the aforesaid 
disadvantages of the related art and that can perform 
temperature compensation throughout a wide temperature range 
by parallel-connecting a plurality of surface acoustic wave 
excitation electrodes formed on an identical substrate. 

The surface acoustic wave device of the invention is 
characterized in that a plurality of surface acoustic wave 
excitation electrodes having slightly different propagation 
directions are formed on an identical crystal substrate, and 
in that the plurality of surface acoustic wave excitation 
electrodes are connected in parallel. 

The invention will now be described in detail with 
reference to the drawings. 

Fig. 1 is a perspective view showing an embodiment of 
the invention. That is, right-hand Euler angles formed by 



mutually-perpendicular coordinate axes Xi, X 2 , and X 3 and X-, 
Y-, and Z-axes of a crystal are indicated by <J>, \\f, and 9, 
respectively. Two surface acoustic wave excitation 
electrodes 12 and 13 are formed on a crystal substrate 11 that 
is cut by a plane including the Xi- and X 2 -axes. The surface 
acoustic wave excitation electrode 12 has as its propagation 
direction the direction of the Xi-axis forming an angle of $ 
with an intersection line OL between an XiX 2 plane and an XY 
plane. The surface acoustic wave excitation electrode 13 has 
a propagation direction slightly different from the aforesaid 
X-axis. And, the two electrodes are connected in parallel, 
thus configuring an oscillator. The aforesaid angle <j> is an 
angle formed by the intersection line OL and the X-axis, and 
the aforesaid angle 9 is an angle formed by the X 3 -axis and 
Z-axis . 

The two surface acoustic wave excitation electrodes are 
formed on a crystal substrate cut on condition that <t> = 0° and 
9 = 80°, so that their propagation directions have an angle 
\|/ of 29.2° and an angle vj/ of 31.2°, respectively. In this case, 
the temperature characteristic of the resonator having an 
angle v|/ of 31.2° becomes a second characteristic having a peak 
temperature of 0°C as shown by a curve 32 in Fig. 2. And, the 
temperature characteristic of the resonator having an angle 
i|/ of 29.2° becomes a second characteristic having a peak 
temperature of 80°C as shown by a curve 31 in Fig. 2. In Fig. 
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2, the horizontal axis indicates a temperature, and the 
vertical axis indicates an oscillation frequency change rate 
(unit: ppm) . The resonator having the aforesaid two 
electrodes connected in parallel are connected between the 
base and emitter of a transistor T of an oscillation circuit 
shown in Fig. 3 to form the oscillator, which in this case 
provides a temperature characteristic such as shown by a dotted 
line curve 33 in Fig. 2. That is, there is the effect that 
a flat temperature characteristic can be obtained throughout 
an extremely wide temperature range. In this embodiment, the 
surface acoustic waves generated by the two surface acoustic 
wave exciters have a slight difference in propagation 
direction therebetween, so that parameters thereof such as 
equivalent constants other than the peak temperatures are 
substantially the same, thus compensating only the temperature 
characteristic. Besides, since the two resonators are formed 
on the identical crystal substrate, it is advantageous to 
reduce the size of the oscillator. 

Besides, two resonators having the same characteristics 
as those shown in Fig. 2 can be fabricated even on condition 
that <|> = 0°, 9 = 10°, V|/i = 30°, and v|/ 2 = 38°. 

It is needless to say that a left-hand crystal can also 
obtain the same effects with the same configuration. 

Besides, it is needless to say that the invention is not 
limited to the surface acoustic wave oscillator but can also 



be applied to, for example, a transversal type surface acoustic 
wave device. 

As above, in the invention, a plurality of surface 
acoustic wave excitation electrodes having slightly different 
propagation directions are configured on an identical crystal 
substrate, and the plurality of excitation electrodes are 
configured to be connected in parallel- Consequently, there 
is the effect that a temperature-compensated temperature 
characteristic can be obtained throughout a wide range by 
differentiating the peak temperatures of the temperature 
characteristics of the plurality of excitation electrodes. 
4. Brief Description of the Drawings 

Fig. 1 is a perspective view showing an embodiment of 
the invention; 

Fig. 2 is a diagram showing temperature characteristics 
of two surface acoustic wave resonators of the embodiment and 
a temperature characteristic of an oscillator having the two 
resonators connected in parallel; and 

Fig. 3 is a circuit diagram showing an example of an 
oscillation circuit having connected thereto the oscillator 
of the embodiment, wherein 

11 Crystal Substrate 

12, 13 Surface Acoustic Wave Excitation Electrode 

Agent, Patent Attorney Sumida Toshimune 
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